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The complete nucleotide sequences of the medium (M) segment of seven Chinese isolates of Crimean-Congo hemorrhagic
fever (CCHF) virus were determined. The M-segment RNA of CCHF virus comprises 5356–5377 nucleotides depending on
the isolate and encodes a protein comprising 1689–1697 amino acids in a viral complementary sense. Phylogenetic analysis
of the M segment showed that the Chinese CCHF virus isolates were clustered into three groups, one of which was more
closely related to a Nigerian isolate. Pairwise comparison of a precursor protein showed that amino-terminal regions
comprising 250 amino acids were extraordinary heterogeneous, with a 22.4% identity in amino acids being observed between
the most distantly related isolates. Since all the viruses were isolated from 1966 to 1988 within a restricted area in the
Xinjiang Autonomous Region in western China, the results indicate that a multisource virus population is endemic in thisINTRODUCTION
Crimean-Congo hemorrhagic fever (CCHF) virus is a
member of the genus Nairovirus in the family Bunyaviri-
dae and causes severe hemorrhagic fever in humans
resulting in a mortality rate of 10–50% (Gonzalez-Scarano
and Nathanson, 1996; Schwarz et al., 1997). CCHF virus
is transmitted to humans by bites from Ixodid ticks,
especially the genus of Hyalomma. The virus is also
transmitted to humans either by direct contact with blood
or tissues from infected animals, mainly sheep, or by
patient’s blood, vomit containing blood, or respiratory
secretions (Swanepoel et al., 1985; Schwarz et al., 1996).
The latter human-to-human infection sometimes causes
nosocomial outbreaks of CCHF (Joubert et al., 1985; Le
Guenno, 1997). Outbreaks of CCHF have been docu-
mented in Africa, the Middle East, Eastern Europe, and
western Asia (Suleiman et al., 1980; Joubert et al., 1985;
Yen et al., 1985; Altaf et al., 1998; Khan et al., 1997;
Gonzalez et al., 1990). In China, the disease is known to
be endemic in the Xinjiang Autonomous Region (Yen et
al., 1985).
Phylogenetic analysis based on the partial sequence
of the S RNA segment of CCHF virus isolates around the
1 To whom correspondence and reprint requests should be ad-
dressed at Special Pathogens Laboratory, Department of Virology I,
National Institute of Infectious Diseases, 4-7-1 Gakuen, Musashimu-159world demonstrated that the viruses can be subgrouped
into three genetic groups; however, there is no correla-
tion between genetic group and geographic origin of the
viruses or year of virus isolation (Rodriguez et al., 1997).
The complex phylogenetic picture of CCHF viruses is
probably due to the introduction of virus strains from
different geographic areas through the importation of
virus-infected livestock animals carrying ticks or the mi-
gration of virus-infected (or tick-infested) birds (Gonza-
lez-Scarano and Nathanson, 1996; Rodriguez et al.,
1997).
CCHF virus possesses a negative-sense RNA genome
consisting of three RNA segments: the large (L), medium
(M), and small (S) segments. The S segment encodes a
nucleoprotein (NP), the M segment encodes a glycopro-
tein precursor, which is cleaved into mature glycopro-
teins, G1 and G2, and the L segment encodes RNA
polymerase (Schmaljohn, 1996). In the case of the Ha-
zara virus, another member of the CCHF serogroup of
Nairoviruses, a third structural glycoprotein of approxi-
mately 45 kDa was identified apart from G1 and G2, but
its coding strategy has not yet been analyzed (Foulke et
al., 1981). Only Dugbe Nairovirus has been analyzed for
the nucleotide sequence and coding strategy of the M-
segment RNA (Marriott et al., 1992). The processing of
the Dugbe virus M-segment precursor protein is rather
complex compared to that of the other Bunyaviruses; the
5 end of the open reading frame (ORF) encodes aregion. © 2002 Elsevier Science (USA)
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ated from its carboxyl-terminal region (Marriott et al.,
1992).
In the present study, we determined the complete
nucleotide sequences of the M-segment RNA of seven
Chinese CCHF virus isolates. Analysis of the genetic
characteristics of the M segment of CCHF virus showed
that Chinese CCHF virus isolates were clustered in three
groups, one of which included the Nigerian tick isolate
IbAr 10200. The results suggest that a multisource virus
population is endemic in a restricted area in the Xinjiang
Autonomous Region of China. Furthermore, we found
that the amino-terminal regions of the large open reading
frame (ORF) comprising approximately 250 amino acids
(aa) were extraordinary heterogeneous. Comparison of
the ORF between CCHF and Dugbe viruses suggests a
common coding strategy of the M segment of Nairovi-
ruses, i.e., a nonstructure protein located at the amino-
terminal region of the ORF, followed by G2 and G1.
RESULTS
Sequence of M segment of Chinese isolates
of CCHF virus
Bachu county in the Xinjiang Autonomous Region of
China has been a CCHF endemic area at least since the
1960s, with a CCHF outbreak documented virtually every
year. The viruses were therefore mainly isolated from
patients or ticks in this region (Yen et al., 1985; Gonzalez-
Scarano and Nathanson, 1996). One exception is isolate
79121, which was isolated from a rodent, a long-eared
Jerboa, living in a desert area. The seven CCHF virus
strains used in the study were isolated in the western
desert regions, Bachu and Aksu counties, in the Xinjiang
Autonomous Region between 1966 and 1988. The origins
of the viruses are summarized in Table 1. All seven
isolates of CCHF virus were isolated by injecting the
specimens intracerebrally into suckling mice. RT-PCR
was performed to amplify the five parts of the M-segment
RNA and the amplimers were directly sequenced. Each
extremity of the RNA was amplified by either the 5RACE
or the 3RACE method and sequenced.
The M-segment RNA of CCHF virus comprises 5356–
5377 nucleotides depending on the isolate; i.e., 5356
nucleotides for isolates 75024 and 7803, 5367 nucleo-
tides for 8402 and 88166, 5368 nucleotides for 66019, and
5377 nucleotides for isolates 7001 and 79121 (Table 1).
Twenty-nine nucleotides of the 5 and 39 nucleotides of
the 3 extremity of the viral RNA are conserved among
isolates. The 5 and 3 ends are complementary to each
other and may form a stable base-paired panhandle
structure at a calculated free energy of 30.1 kcal/mol
(Fig. 1). The 3-extremity sequence of the M-segment
RNA matches that of the S-segment RNA perfectly for 11
bases and partially for 21 bases, while the 5-extremity
sequence of the M segment matches that of the S seg-
ment perfectly for 12 bases and partially for 23 bases
(Fig. 1).
The M RNA segment encodes a protein comprising
either 1689 (for isolates 66019, 75024, 7803, 8402 and
88166) or 1697 (for isolates 7001 and 79121) amino acids
(Table 1), with a molecular weight of approximately 187
kDa, in a viral complementary sense.
The results demonstrate that there is an extraordinary
hypervariable region at the amino-terminal region within
the ORF of CCHF virus. Pairwise comparison of the ORF
showed that the amino-terminal regions comprising 250
amino acids were quite heterogeneous, with an identity
FIG. 1. (1) Possible base-pairings of the 3 and 5 ends of the M
segment of CCHF virus isolate 7001. ( : ) indicates a complementary
residue. The calculated free energy of the structure is 30.1 kcal/mol.
(2) Comparison of the ends of CCHF virus M and S segments, or the
ends of the M segment of CCHF virus and Dugbe virus. (*) indicates an
identical residue.
TABLE 1
Origin of Chinese CCHF Virus Isolates
Isolate
No.
Year of
isolation
Geographical
origin Source
M segment RNA
(nuc)/ORF (aa)a
66019 1966 Bachu Patient 5368/1689
7001 1970 Bachu Patient 5377/1697
75024 1975 Aksu Patient 5356/1689
7803 1978 Bachu Patient 5356/1689
79121 1979 Bachu
Long-eared
Jerboa 5377/1697
8402 1984 Bachu Tick 5367/1689
88166 1988 Bachu Patient 5367/1689
a Nucleotide numbers of the M-RNA/amino acid numbers in the
M-RNA-encoded ORF.
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as low as 22.4% observed between the most distantly
related isolates (Table 2), while the remaining region of
approximately 1400 amino acids was well conserved
with a 81.7% identity observed between the most dis-
tantly related isolates.
Since the amino and carboxyl termini of the G1 and G2
of CCHF virus have not been determined, the precise
location of these glycoproteins within the ORF is not
known. However, based on the amino acid alignment of
the ORF of Dugbe virus, the amino terminus of which has
been determined (Marriott et al., 1992), the amino termi-
nus of the CCHF virus is F(L/S)D(S/N)(I/T)(A/V)(K/R)GMK
located from amino acid residue 1054 (for isolates 7001
and 79121) or 1046 (for the other isolates). If this is the
case, the G1 of the CCHF virus comprises 644 amino
acids with a predicted molecular weight of 72.2 kDa (for
isolates 7001 and 79121) or 72.6 kDa (for the other iso-
lates) and with three to four potential N-linked glycosyl-
ation sites. These molecular weights are similar to that of
75 kDa obtained from the authentic CCHF virus G1 (Clerx
et al., 1981). As with Dugbe virus G1 (Marriott et al., 1992),
the predicted amino terminus of the G1 of the CCHF virus
does not directly follow a hydrophobic region, but rather
locates at approximately 50 amino acids downstream of
the nearest hydrophobic region, a potential signal se-
quence. Thus, it is likely that the mature G1 of Nairovi-
ruses including the CCHF virus arises by proteolytic
processing after a signal cleavage event.
CCHF virus isolates comprise three genetic groups
Neighbor-joining phylogenetic analysis of the amino
acid sequences of the ORF in the M segment of seven
Chinese isolates and a Nigerian isolate, IbAr 10200, was
performed using the ClustalW program. Dugbe virus was
used as an outgroup of the tree. As shown in Fig. 2, the
phylogenetic tree topology shows three groups. Group 1
contains isolates 7001 and 79121, group 2 contains iso-
lates 66019, 8402, and 88166, and group 3 contains
isolates 75024, 7803, and the Nigerian IbAr 10200. This
topology was also obtained by a neighbor-joining phylo-
genetic analysis of conserved partial region of the M-
segment sequences (data not shown). The tree based on
the M-segment sequence suggests that the genetic dis-
tance of CCHF virus isolates does not correlate with
geographic origin, the year of isolation, and the hosts.
DISCUSSION
We report here the complete sequence of the M-
segment RNA of seven CCHF virus isolates from China.
The M-segment sequence of a Nigerian isolate of CCHF
virus, IbAr 10200, was previously deposited in GenBank.
TABLE 2
Identity within the Variable Region (1–250 aa)/(1–812/839 nuc) and within the Conserved Region (251–1683 aa)/(813/840–5360/5377 nuc)
% Identity in
amino acid
% Identity in nucleotides
10200 75024 7803 66019 8402 88166 7001 79121
Variable region
10200 83.2 83.2 68.1 65.6 65.9 52.5 52.5
75024 71.8 98.8 68.2 66.8 66.8 52.1 52.1
7803 71.8 97.2 68.3 66.4 66.4 51.0 51.0
66019 46.5 48.0 48.8 73.5 73.5 51.7 51.7
8402 44.4 45.5 45.5 57.7 99.5 51.4 51.4
88166 44.8 45.9 45.9 58.5 99.2 51.3 51.3
7001 28.4 30.1 27.2 22.4 26.8 27.2 100
79121 28.4 30.1 27.2 22.4 26.8 27.2 100
% Identity in
amino acid
% Identity in nucleotides
10200 75024 7803 8402 88166 66019 7001 79121 Dugbe
Conserved region
10200 89.3 89.2 82.7 82.8 82.8 74.3 74.2 53.5
75024 94.7 99.5 83.5 83.4 83.2 74.2 74.1 53.4
7803 94.2 99.4 83.3 83.2 83.1 74 73.9 53.3
8402 92.4 93.5 93.0 99.6 85.7 75.1 74.9 53.7
88166 92.2 93.3 92.8 99.5 85.6 74.9 74.8 53.7
66019 91.2 92.3 91.8 93.5 93.2 74.9 74.9 53.2
7001 82.6 83.0 82.5 83.5 83.4 81.9 99.8 52.9
79121 82.4 82.6 82.1 83.2 83.1 81.7 99.5 52.9
Dugbe 37.3 36.6 36.5 37.5 37.5 37.0 36.9 36.9
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However, as with other Nairoviruses, little is known
about the coding strategy of the M-segment RNA, pro-
cessing of the precursor protein, and identification of the
conserved and variable regions within the protein en-
coded in the M segment. This has been partially ana-
lyzed for Dugbe virus belonging to the Nairobi sheep
disease serogroup of the Nairoviruses. The M-segment
RNA of Dugbe virus encodes a large precursor protein of
G1 and G2 in a viral complementary sense. This precur-
sor of Dugbe virus comprises 1551 amino acids, with a
predicted molecular weight of 173.3 kDa, which is far
larger than those of G1 (73 kDa) and G2 (35 kDa). The G2
of Dugbe virus was incompletely mapped to the carbox-
yl-terminal half of the 70-kDa nonstructural protein (Mar-
riott et al., 1992), which corresponds to the amino-termi-
nal half of the large precursor. The G1 of Dugbe virus
was mapped to the carboxyl terminus of the large pre-
cursor and its amino terminus did not follow a predicted
signal sequence (Marriott et al., 1992), but rather resides
at approximately 50 amino acids downstream of the
nearest hydrophobic region. According to the amino acid
alignment of the precursor protein of Dugbe virus, the
amino terminus of G1 of which was determined to be
Phe at amino acid residue 897 of the precursor (Marriott
et al., 1992), the amino terminus of CCHF virus is Phe at
amino acid residue 1054 (for isolates 7001 and 79121) or
1046 (for the other isolates). If this is the case, the CCHF
virus G1 comprises 644 amino acids with a predicted
molecular weight of 72.2–72.6 kDa and with three to four
potential N-linked glycosylation sites, which is similar to
that of 75 kDa estimated from the authentic CCHF virus
G1. The predicted amino terminus of the CCHF virus G1
does not follow a hydrophobic region, but rather locates
at approximately 50 amino acids downstream of the
nearest hydrophobic region to function as a potential
signal sequence. This figure is similar to that of the
Dugbe virus G1, and a further amino-terminal trimming of
the G1 by an unknown protease may occur following the
cleavage of a signal peptide.
In the case of Rift Valley fever (RVF) virus, belonging to
genus Phlebovirus, the coding strategy of the M RNA
segment is somewhat similar to that of Nairoviruses. The
M segment encodes a preglycoprotein or nonstructural
protein (NSM) at the amino terminus in a single ORF in a
viral complementary sense, which is then followed by G2
and G1. The NSM region of RVF virus has five in-frame
initiation codons preceding G2, and these initiation
codons play a functional role in the processing of G1 and
G2 (Kakach et al., 1988, 1989; Schmaljohn et al., 1989;
Suzich et al., 1990). Since the amino and carboxyl termini
of CCHF virus G2 have not yet been identified, we could
not determine the carboxyl terminus of the NSM or pre-
glycoprotein. However, at least four in-frame initiation
codons exist within the amino-terminal 250 aa region of
CCHF virus, indicating that the in-frame initiation codons
in the Narovirus NSM region play a similar functional role
in the generation of G2 and/or G1 as those in RVF virus.
A significant difference in the NSM-G2 region between
Nairoviruses and RVF virus is the localization of potential
signal sequences in this region. The NSM region of RVF
virus has a potential signal sequence just upstream of
G2 in addition to a potential signal at the amino terminus
of NSM, and the signal sequence just upstream of G2 is
thought to be used for processing of this protein (Collett
et al., 1985). On the other hand, a potential signal se-
quence locates only at amino terminus of this NSM-G2
region in CCHF and Dugbe viruses. These features seem
to suggest that this amino-terminal signal sequence is
used for the processing of CCHF virus G2 from a large
precursor that includes the NSM region initiated at the
first or second initiation codon. Further analysis of the
expression of the CCHF virus M-segment cDNAs carry-
ing mutations or deletions of these multiple initiation
codons may allow the verification of assumptions.
The amino-terminal region of the precursor protein
comprising approximately 250 aa was quite heteroge-
neous among CCHF virus isolates. Since six of the seven
Chinese CCHF virus isolates used in this study origi-
nated in Bachu county in the Xinjiang Autonomous Re-
gion, while isolate 75024 originated in Aksu, close to
Bachu county, it is reasonable that isolates 7001 and
FIG. 2. Phylogenetic tree for the CCHF virus based on the entire
amino acid sequence of the M-segment-encoded protein. Seven Chi-
nese isolates and a Nigerian isolate, IbAr 10200, of CCHF virus were
analyzed by a neighbor-joining method using ClustalW program (Hig-
gins et al., 1991). Dugbe virus was used as an outgroup of the tree. The
tree was drawn using TreeView program (Page, 1996). The numbers at
the nodes are the bootstrap confidence level for 1000 replicates. The
scale indicates the number of substitutions per site.
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79121, 75024 and 7803, 8402 and 88166, respectively, are
closely related to each other. However, the amino acid
identity of the amino-terminal 250 aa region between
isolate 66019 and 7001/79121 was only 22.4%, in contrast
to the high identity of 83% in amino acids of the remain-
ing about 1400 aa region. This suggests that the amino-
terminal region per se has little functional significance
and only functions to control the expression and pro-
cessing of the G2 and G1.
Phylogenetic analysis of the M-segment encoded pro-
tein showed that Chinese CCHF virus isolates were
clustered in three groups, one group consisting of iso-
lates 7001 and 79121, the other group consisting of iso-
lates 66019, 8402, and 88166, and the remaining group
consisting of isolates 75024 and 7803. A Nigerian isolate,
IbAr 10200, was clustered in the last group. A previous
study of phylogenetic analysis based on partial S-seg-
ment sequences showed no correlation between genetic
group and geographic origin of the virus or year of virus
isolation (Rodriguez et al., 1997). However, phylogenetic
analysis of the S segment also indicated that the Chi-
nese CCHF virus isolates were clustered in the same
branch and apparently distinguishable from the IbAr
10200 (Rodriguez et al., 1997). The sequences of the M
segment of three (66019, 8402, 88166) of the Chinese
isolates were recently reported (Ma et al., 2001), and
their sequence data were virtually the same as our data
with minor differences. These minor differences may be
due to differences in sequencing strategy, since we have
directly determined the sequence from RT-PCR products
while Ma and associates determined the sequence after
cloning into a plasmid vector. They suggested that the
Chinese CCHF virus isolates formed an independent
phylogenetic branch distinguishable from IbAr 10200.
This discrepancy between their results and ours may be
due to the smaller number of sequence data analyzed in
their study. In the meantime, our data strongly suggest
that several distinct genetic variants of CCHF virus are
endemic in a restricted area in the Xinjiang Autonomous
Region in China. To more clearly understand how these
diverse populations of CCHF virus are maintained in the
restricted area, analysis of more virus samples from
ticks, animals, and patients is required.
MATERIALS AND METHODS
Viruses
CCHF viruses, 66019, 7001, 75024, 7803, 79121, 8402,
and 88166, were all isolated in China between 1966 and
1988 (the first two numbers indicate the year of isolation).
All the isolates except 75024 originated in Bachu county
in the Xinjiang Autonomous Region of China. Isolate
75024 originated from Aksu county, which neighbors
Bachu county in the Xinjiang Autonomous Region. The
CCHF virus isolates were intracerebrally inoculated into
suckling mice and the brains were collected at 4–5 days
after inoculation. The inoculation of the viruses was
performed in a containment laboratory under the regu-
lations of the Institute of Epidemiology and Microbiology,
Chinese Academy of Preventive Medicine, China.
RNA isolation and first-strand cDNA synthesis
Total RNAs were isolated from brain homogenates
using RNAZol B (TEL-TEST, Friendswood, TX) according
to the manufacturer’s instructions. cDNA was synthe-
sized using a You-Prime-First-strand cDNA synthesis kit
(Amersham Pharmacia Biotech, Piscataway, NJ) with a
random hexamer (p(dN)6) as a primer.
PCR and sequencing
Primers were synthesized based on the sequence
data of the Nigerian isolate, IbAr 10200 (GenBank Acces-
sion No. U 39455). PCR was performed using random
hexamer-primed cDNAs of the isolates as templates,
using an Expand High Fidelity PCR System (Roche Di-
agnostics, Mannheim, Germany). The fragments includ-
ing extremity of the sequence were amplified by either
the 5RACE or 3RACE method using a commercial kit
(5RACE System, Version 2.0, Life Technologies, Rock-
ville, MD). The amplimers were purified on agarose gel
and directly sequenced by the dideoxy chain terminator
method using an ABI PRISM 310 Genetic Analyzer (Ap-
plied Biosystems, Foster City, CA). The complete se-
quences of the M segment of seven Chinese isolates of
CCHF virus were deposited in DDBJ under the Accession
Nos. AB069669–AB069675.
Sequence analysis
The alignment of nucleotide and deduced amino acid
sequences was performed using DNASIS-MAC software
(Hitachi Software Engineering Co., Ltd., Kanagawa, Ja-
pan). Phylogenetic analysis using neighbor-joining
method was performed using the ClustalW program (Hig-
gins et al., 1991). The tree was drawn using the TreeView
program (Page, 1996).
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